Summary Whole-body vibration training (WBV) attracts great interest as osteoporosis prevention strategy. Twenty-six adolescents with and without Down syndrome (DS) (13 DS; 12-18 years) performed 20 weeks of WBV. The results indicate that WBV seems to provoke a lesser response in adolescents with DS than in those without DS.
Introduction
The increase in the life expectancy of individuals with Down syndrome (DS) [1] is fostering the appearance of some illnesses such as osteopenia or osteoporosis that previously were not diagnosed in this population. These diseases generate an increased risk of suffering from a bone fracture because of low bone density [2] . Also, taken into account that lower levels of bone mineral content (BMC) and bone mineral density (BMD) have been found in DS population [3] [4] [5] [6] [7] [8] , and that a low BMD was described by Lips [9] as one of the main factors involved in fracture risk, it might be said that individuals with DS are a population at risk. Thus, special attention should be given to improve bone mass in DS population by implementing specific lifestyle interventions (i.e. exercise and nutrition). In fact, a recent study has questioned the use of antiresorptive therapy in DS population and focused attention on increasing bone mass by other interventions like weight-bearing training [10] .
It has been well-documented that physical exercise is one of the best non-pharmacological ways to improve several health aspects [11] including bone mass [12] . Lowamplitude high-frequency whole-body vibration (WBV) training is recently receiving much attention for treating low levels of bone mass [13] . Nowadays, WBV has been applied mainly as a therapy method in children and adolescents with disabling conditions [14] and also in seniors [15, 16] . Results on WBV therapies are not entirely clear; some studies have shown increases in BMC at the lumbar spine [17] , and areal BMD at the femur [18, 19] and the spine [19] [20] [21] in different disabled populations. On the other hand, changes on bone parameters were not present nor in osteopenic girls with adolescent idiopathic scoliosis [22] neither in children with Duchenne muscular dystrophy [23] with a similar WBV therapy. Nevertheless, the only common finding in almost every study was the lack of severe negative side effects [14, 20, 21, 23, 24] after the WBV interventions. For that reason, WBV has been defined as a well-tolerated training method which may be used as an intervention to increase bone health in people with DS. Some efforts have been made on studying bone mass in DS populations [4] [5] [6] [7] , also focusing on the effects of some physical training interventions [25] [26] [27] [28] . Despite this, information concerning body composition, specially bone mass, in youths with DS is scarce [29] . Furthermore, the fact that DS is a genetic condition, with possibly different expression in many genes, may have a direct influence in the adaptive response to WBV training. For this reason, it is also possible that musculoskeletal system of non-disabled populations may be or not as responsive to this type of training.
Therefore, the main aim of this study was to observe the differences between adolescents with and without DS in the effects of a WBV training program, on BMC and BMD. It was hypothesized that 20 weeks of WBV will show greater improvements in bone mass of adolescents with DS compared with those without.
Material and methods
The study design, protocol and consent forms were performed in accordance with the Helsinki Declaration of 1964 (revised in Fortaleza, 2013) and were reviewed and approved by the Research Ethics Committee of the Government of Aragon (CEICA, Spain) [C.I. PI10/026]. The research study was registered in a public database [NCT02380638] . The CONSORT 2010 Statement was used as a guideline for reporting a randomized controlled trial [30] .
WBV intervention
The training protocol and the mechanical vibration device used in this study have been described in detail elsewhere [24] . In brief, the protocol consisted of three times per week, 10 repetitions (30 to 60 s) with a 1-min rest, a frequency of 25-30 Hz and an a peak-to-peak displacement of 2 mm for 20 weeks. The detailed schedule of training is shown in Table 1 .
All participants exercised, with the same trainers in each session, on a vertical vibration platform (Power Plate® Pro5; PowerPlate, Amsterdam, The Netherlands) supervised by a researcher during each session. The role of the researcher was to ensure safety and the correct performance (squat, bent knees at 90°) during all sets. The researcher was competent on the squatting technique due to the appropriate training; he provided verbal feedbacks when he spotted a mistake. Participants were allowed to hold onto a strap during the vibration intervention. In addition to this, the researcher registered any mishap or problem throughout the intervention and kept track of the participants' attendance. Compliance was calculated as the percentage of actual time using the platform over the expected time during the 20-week treatment period.
Participants
A parallel randomized controlled trial was conducted with a total sample of 26 adolescents; 13 with DS (6 females) and 13 without DS (5 females), between 12 and 18 years (Table 2) . Participants were recruited from three different schools and institutions of Aragón (Spain). Before the start of the study, an initial interview in each institution was conducted with the participants and their parents to inform about the aims and procedures of the study as well as the possible benefits and risks derived. A written informed consent from the parents of each participant and verbal assent from the participants were obtained. An experienced cardiologist examined the adolescents with DS and gave them permission to participate in the training. Adolescents without DS were healthy and were free of medication for at least 6 months prior to the beginning of the study.
The randomization process, generated by computer, divided the sample in two non-equal number groups due to possible withdrawals or removals for lack of attendance. Thus, both intervention groups (DS and non-DS) received WBV training for 20 weeks being asked to avoid any change in their day-today lifestyle during the course of the project. Groups were as explained with the Consort Flow Diagram (Fig. 1) .
Anthropometric measures and puberty
Anthropometric parameters including height, measured with a stadiometer to the nearest 0.1 cm (SECA 225, SECA, Hamburg, Germany) and weight, measured with a scale to the nearest 0.1 kg (SECA 861, SECA, Hamburg, Germany) were measured without shoes and minimal clothing following the procedures by the International Society for the Advancement in Kinanthropometry (ISAK) [31] . Body mass index (BMI = weight (kg) / height 2 (m)) was determined. All participants underwent a physical examination to determine their stage of sexual development. An expert physician classified the participants by direct observation according to the stages proposed by Tanner and Whitehouse [32] .
Determinations of bone
Details of dual-energy X-ray absorptiometry (DXA) measurements carried out in our laboratory have been described in previous studies [5, 24, 33] . DXA equipment was calibrated daily with a lumbar spine phantom and step densities phantom following the Hologic guidelines. The in vivo coefficient of variation in measuring BMC (g), areal BMD (g/cm 2 ) and bone area of the whole body in our lab were 2.3, 1.3 and 2.6 %, respectively, measured in 49 adolescents [33] .
All subjects were assessed with the pediatric version of the QDR-Explorer software (Hologic Corp. Software version 12.4, Bedford, MA 01730) whilst the assessments in preand post-training moments were performed by the same technician who had been fully trained in the operation of the scanner, the positioning of subjects and the analysis of results, according to the manufacturer's guidelines.
The primary outcomes were BMC and BMD measured for the whole-body (WBTOT), lumbar spine (L 1 -L 4 ; SPINE) and proximal region of the femur (hip [HIP] and femoral neck [FNECK] ). In addition, subtotal (total body less head; SUBTOT), upper and lower limbs (ULIMBS and LLIMBS) and pelvis (PELV) BMC and BMD were also determined.
Calcium intake
Participants (parents in DS group) were specifically asked to give their current daily intake of dairy products to estimate calcium intake using a structured questionnaire. Afterwards, calcium calculations were made according to the Centro de Enseñanza Superior de Nutrición y Dietética (CESNID) tables of Spanish food composition [34] .
Statistical analysis
Both, an intention-to-treat analysis which included all participants who began the protocol at baseline and a per-protocol analysis designed to compare low against high compliers, were performed. The Statistical Package for the Social Sciences (SPSS) version 22.0 for Windows (SPSS Inc., Chicago, IL, USA) was used for all statistical analyses. All values shown are presented as mean (standard deviation, SD), unless otherwise stated. The sample size was based on calculations for the longitudinal study to detect a 2 % change in wholebody BMD, allowing for a between individual coefficient of variation in BMD of 5 %, with 95 % confidence and 90 % power. Kolmogorov-Smirnov tests showed normal distribution of the variables.
In the intention-to-treat analysis, Chi-square test was performed to evaluate differences in Tanner stage before and after the 20 weeks in both groups. Differences in physical characteristics between vibration groups (DS and non-DS) at baseline and after the training were compared with a two independent samples t test.
Raw values for DXA measurements in pre-and post-intervention moments were compared with a two independent samples t test and two-paired samples t test evaluated changes within each group over baseline. Thereafter, analyses of covariance (ANCOVA) were performed (adjusting by subtotal area, subtotal lean, height, calcium intake and Tanner stage for BMC and BMD parameters and by Tanner stage, weight and height for lean and fat masses) to obtain DXA values in preand post-training moments and calculate percentage of change. Two independent samples Student's t tests were used to compare both actual changes as well as the relative (percentage) changes over time for DS and non-DS groups. Moreover, analysis of variance (ANOVA) for repeated measures 2 (condition) × 2 (time) were performed to determine the effects of the training on body composition parameters.
The per-protocol analysis was established to identify a threshold response. In this analysis, participants were classified as poor compliers (attendance below 60 %) and high compliers (attendance equal or above 60 %). It was done following the results of previous research [19, 24, 35] showing that the some gains in bone mass after a WBV training were strongly correlated with a threshold of compliance.
Effect size was calculated for all the previous statistical tests according to the methods proposed by Cohen [36] , and taking into account the cut-offs defined, the effect size can be small (d≤0.2 or f≤0.1), medium (d>0.2 and <0.8 or f<0.1 and >0.2) or large (d≥0.8 or f≥0.4).
Results
Six participants, three in each group (DS and non-DS), participated only in the first assessment and consequently, data from HIP total hip, BMD bone mineral density 13 adolescents with DS and 13 without DS were analyzed for the primary outcomes. The Consort Flow Diagram is shown in Fig. 1 .
Descriptive data
Descriptive data regarding age, weight, height, BMI, calcium intake and Tanner stage are shown in Table 2 . Adolescents with DS were smaller than non-DS adolescents at pre-and post-training moments (d=1.21 and 1.28; p=0.01 and 0.05, respectively). BMD at WTOT and SUBTOT showed a tendency towards differences at pre-training (d=0.70 and 0.79; p=0.05 and 0.09, respectively) and differences after training (d=0.81 and 0.90; both p<0.05). For BMC ULIMBS and BMD LLIMBS, a tendency towards differences at pre-and post-training moments were found (d=0.71 to 0.79; p=0.06 to 0.08).
Intention-to-treat analysis
In the case of HIP BMC, a significant difference was found at baseline (d=0.88 and p=0.03) but not after the training (d= 0.80 and p=0.05), showing non-DS group higher values than DS group in both times.
After the 20 weeks of training, significant increases were found in all BMC and BMD parameters in the non-DS group (dz=0.66 to 1.64; all p<0.05), whilst DS group improved BMC at WBTOT, SUBTOT, ULIMBS, PELV, LLIMBS and SPINE (dz=0.75 to 1.76; all p<0.05) and BMD at SUBTOT, PELV, LLIMBS and SPINE (dz=0.73 to 1.28; all p<0.05). Table 4 presents the absolute and percentage-adjusted changes for bone DXA measures in each of the two groups. In BMC and BMD parameters, significantly greater increases were found in absolute and percentage changes of the non-DS group over DS group (d=0.88 to 3.85; all p<0.05). No significant condition (DS versus non-DS) by time interactions was found for any variable after the 20 weeks of training (all p>0.05). ULIMBS BMD showed a tendency towards an interaction (f=0.41 and p=0.086) with higher increase for non-DS group. Table 5 summarizes the absolute and percentage changes measured from DXA divided in condition groups, comparing by compliance to the training. There were no significant differences between groups in the absolute changes for any of these DXA measures of bone (all p>0.05). Highly compliant adolescents had 8.1 versus 5.3 % of gains in the SPINE BMC over poorly compliant adolescents (d=0.93; p<0.05). No condition by time interactions were found for any variable (all p>0.05).
Per-protocol analysis

Discussion
The main finding of the present study is that 20 weeks of WBV training with the proposed protocol provoke a slightly different response in adolescents with and without DS.
To date, only four studies have examined the effects of a WBV intervention in adolescents with DS, looking at balance [37] , balance and muscle strength [38] , fat and lean masses [24] and one at bone health [39] . Whilst the previous studies compared the effects of WBV training against a DS control group, to our knowledge, this is the first attempt of performing WBV training in adolescents with and without DS analyzing and comparing the effects of this type of training on body composition.
Firstly, González-Agüero et al. [24] reported that 20-week WBV training was not enough by itself for improving lean mass in adolescents with DS. With the same intervention protocol, Matute-Llorente et al. [39] pointed out that WBV training might be useful to improve different bone parameters in clinically relevant skeletal sites in adolescents with DS and Villarroya et al. [37] found positive effects in balance of DS adolescents although only under specific conditions, whilst there were no balance improvements of those adolescents without DS. In concordance, Eid [38] showed greater improvements in stability indices and muscle strength in children with DS after 6 months of WBV and receiving a physical therapy program, than those only receiving the physical therapy program. It seems therefore realistic to affirm that young persons with DS may benefit from WBV interventions in order to improve their body composition, specifically their bone mass.
The body composition values shown at pre-and posttraining moments in this study by adolescents with DS are consistent with several previous studies [4, 6, 8, 29] . It has been well-documented that adolescents with DS have lower levels of muscle strength and poor bone health, and so early interventions to stimulate muscle strength and bone accrual are of clinical importance in preventing osteoporosis [14] . Wysocki et al. [13] stated that the optimal target population for the WBV training has not been defined, whilst Slatkosvka et al. [40] pointed out in a meta-analysis that children and adolescents with compromised bones might be this target population. As previously stated, adolescents with DS have compromised bones so they could highly benefit from this type of intervention. This statement is also supported by a study carried out in mice with low BMD, where it was found that they were more sensitive to the mechanical stimulus than mice with normal BMD [41] ; however, whether it happens in humans is yet to be elucidated.
Analyzing our raw data, DS adolescents showed important increases for bone mass in several body sites such as the whole body, the limbs, the spine or the pelvis. The effects of WBV training on body composition and particularly in bone health have been also studied in other children with compromised bones such as cerebral palsy or idiopathic scoliosis [17, 22, 42] . Recently, Kilebrant et al. [42] demonstrated that WBV training had a modest effect on bone mass in children with severe motor disabilities after a 6-month intervention period. This is in accordance with another study carried out by Dalen et al. [17] , who showed increased BMC at the lumbar spine as well as in both legs in children with cerebral palsy. Lam et al. [22] studied the effects of WBV training in adolescents with idiopathic scoliosis showing improvements in areal BMD at the FNECK of the dominant side and lumbar spine BMC. Despite different exercises, intensities and platforms have been used, the use of WBV training might be appropriate in disabled populations [14] .
In the present study, adolescents without DS showed higher number of significant changes in BMC and BMD than those with DS. Adjusting for appropriate covariates, non-DS group still showed higher absolute changes than DS group for all bone parameters. A recent study carried out by Ferry et al. [27] showed that 1 year of training with osteogenic activities increased BMC and BMD values at the lumbar spine (7 and 4 % respectively) in children and adolescents with DS. In the present study, lower improvements were found for BMD at the whole body (3.6 % in the non-DS group and 0.9 % in the DS group), but it needs to be taken into account the training period was 20 weeks (5 months) against 12-months in Ferry's study. Besides, Kilebrant et al. [42] indicated that disabled children had a reduced capacity for bone accrual due to higher carboxy-terminal telopeptides of type I collagen and lower osteocalcin values. To our knowledge, the analysis and study of biochemical markers of bone formation and resorption in adolescents with DS remain unknown. Nevertheless, in a cohort of 30 community-dwelling DS adults, McKelvet et al. [10] stated that low BMD was correlated with a significant decrease in bone formation markers, compared to controls without DS, and pointed out that diminished osteoblastic bone formation and inadequate accrual of bone mass were responsible for the low bone mass in that particular population. It would be possible to hypothesize that the low BMD and BMC values in our study can be due to increased bone resorption and/or decreased bone formation. Further studies are needed to corroborate this hypothesis.
As with any training, it may be expected that the effectiveness of the intervention is related to the compliance. The perprotocol analysis revealed greater percentage of change in the high compliers, independently of the condition, than in the low compliers, achieving the differences statistical significance for BMC at the SPINE (5.3 versus 8.1 %). Gilsanz et al. [19] found that women with low BMD who trained at least 2 min per day in a WBV platform increased up to 3.9 % the trabecular bone of the spine and 2.9 % the cortical bone of the femur. However, no additional benefits were obtained from training more than 2 min per day and the authors suggested that a biologic response was triggered rather than accumulated based on the study carried out by Rubin and Lanyon [43] . In our study, a 60 % attendance was established as cut-off between poor and high compliers. This cut-off would equal to 4.2 min per day of WBV training, being higher than the 2-min threshold proposed by Gilsanz et al. [19] . Important considerations should be taken into account, since Gilsanz et al. conducted a 12-month trial with the same vibration protocol (10 min, 30 Hz and 0.3 g) which let them to establish a vibration threshold. In our study, WBV training was gradually applied, increasing frequency and duration, and for that reason, further studies are needed to establish and appropriate vibration dose in the DS population.
Adolescents with DS in this study attended special schools that incorporated physical activity programs over the last few years. This progress may have contributed to achieving some improvements in terms of health in the daily life of adolescents with DS but it could be interfering in our results. Despite of this, the present study suggests that WBV training has the potential to influence bone mass in reducing osteoporosis risk factors in adolescents with and without DS. In addition to this, our results might have also been influenced by the protocol used in the study. Higher intensities caused by higher peak-topeak displacements and frequencies, the increase in the exercise intensity with unilateral exercises (one-leg Squat) or the addition of weights (i.e. 10 % of body weight in a backpack) could have generated greater increases; but the proposed 20-week WBV training was chosen following the study performed by Lam et al. [22] , which indicated that WBV treatment might be more efficient when it is used in a structured way, two or three times per week for 10 min each time. Importantly, no negative side effects were found in our study as previously indicated [14, 17, 20, 23] .
This study is not exempt of limitations; firstly, the absence of a control group who would have performed the same protocol (squat position for the same amount of time) with the platform turned off, to observe the possible improvements due to the isometric exercise by itself. And finally, the lack of data about participants' physical activity levels could be masking some interactions with body composition. Further studies taking into account bone structure and bone metabolism markers might help to define whether an intervention of WBV alone is effective for improving body composition in population with and without DS. On the other hand, the main strength of this study is the inclusion of both genders and the use of an age-, pubertal status-and gender-matched non-DS group.
Conclusion
In conclusion, 20 weeks of WBV training with the proposed protocol may improve BMC and BMD in clinically relevant skeletal sites in adolescents with and without DS.
Nevertheless, this type of training seems to provoke a lesser response in adolescents with DS than in those without DS suggesting that specific training and adaptations should be studied. Identifying a threshold of response, the adolescents who trained over 60 % of compliance got higher increases than those under 60 %. Moreover, as no side effects or withdrawals were noticed during the intervention, WBV training could be defined as a safe and well-tolerated treatment in both groups.
